Aim: There is strong evidence to suggest vertical and horizontal modes of transmission of human papilloma virus (HPV), an established etiologic agent of cervical cancer. Infants, children, and adults can acquire both high-risk and low-risk infections by birth or by close contact even though HPV is mainly transmitted sexually. A thorough review of the literature was performed to assess the possible non-sexual modes of transmission of HPV. Methods: An electronic search of databases for review articles, cross-sectional studies, cohort studies, and case reports on non-sexual modes of transmission among sexually unexposed women and children was carried out using search terms such as "human papilloma virus, HPV, transmission, horizontal transmission, vertical transmission, and fomites". Articles published between 1983 and 2015 were retrieved. Results: Epidemiological and clinical data support various non-sexual modes of transmission especially at the time of birth and by close contact. Even though the role of fomites in the transmission of HPV is not well established, HPV-DNA positivity has been reported in transvaginal ultrasound probes and colposcopes after routine disinfection. Conclusion: Awareness needs to be spread among the public about alternate modes of transmission. For a proper understanding of the exact natural history of HPV infection acquired via the non-sexual route, long-term prospective studies need to be undertaken.
Introduction
The papilloma viruses are small, non-enveloped icosahedral viruses with a double-stranded DNA genome. These viruses are species specific and infect the basal epithelial cells of the skin and mucous membranes, causing different types of warts and anogenital cancers. The International Committee on the Taxonomy of viruses (ICTV) has officially classified the papilloma viruses as a separate family of Papillomaviridae. Papillomaviruses have been classified further on the basis of the species of origin and the degree of genetic relatedness with other papillomaviruses infecting the same species. 1 To date, the human papilloma viruses (HPV) have been classified into 170 types, and the characterization of new HPV types is ongoing. 2 Epidemiological and molecular studies have established the strong association of HPV infection with cervical cancer. 3 Worldwide, HPV-16 is the commonest type seen in invasive cervical cancer, followed by HPV-18. Almost 70% of invasive cervical cancers are associated with these two types. In epidemiological studies on cervical cancer from India, HPV positivity is as high as 98%. 4 Cervical cancer is the commonest cancer in rural India, and almost one-fourth of the total cervical cancer cases worldwide are reported from India. 5 Spontaneous resolution of high-risk HPV infection occurs in approximately 80% of cases in women. Most of the remaining 20% of infections develop into non-progressive cervical intra-epithelial neoplasia grade I (CIN-1), which regresses without any treatment. A minority of HPV infections persist and develop into CIN-II or CIN-III, and 5% of CIN lesions progress to cervical cancer if left unattended. Approximately 1% of high-risk infections develop into cervical cancer. 6 Human papilloma virus infection is one of the most common sexually transmitted infections globally. Most of the studies on HPV infection are hospital based, focusing on sexually exposed women. The last two decades witnessed the use of non-invasive samples such as selfcollected vaginal and urine samples to screen sexually unexposed women for genital HPV infection. The awareness of various alternate modes of transmission other than the sexual route has significance with regard to vaccination strategies, epidemiological studies and the clinical management of HPV-infected children and adolescents. 7 The perception of possible non-sexual modes of transmission can facilitate the avoidance of investigative procedures in children and sexually unexposed adolescents. There are so many cultural issues and social stigmas in the minds of parents regarding a vaccine against a sexually transmitted infection for their unmarried daughters. A well-informed health-care worker can counsel effectively regarding the various alternate modes of transmission of this oncogenic virus. In this context, we reviewed the available literature on non-sexual modes of HPV transmission. Institutional ethical review board approval was not deemed necessary for the following retrospective review. All principles outlined in the Declaration of Helsinki were followed
Methods
A comprehensive literature search to identify all published studies between 1983 and 2015 on "non-sexual modes of transmission of HPV infection among asymptomatic women" was carried out. The electronic databases included in the search were PubMed-Medline, CINAHL, Scopus, and Google Scholar. The relevant articles in English involving human subjects were identified using search terms such as "human papilloma virus OR HPV AND transmission AND horizontal transmission AND vertical transmission AND fomites NOT men". A library search for articles published in peer-reviewed journals was also performed. The articles pertaining to the sexual transmission of HPV, HPV infection among adult men, homosexual men, and immunocompromised persons were excluded. The studies conducted among sexually unexposed women and children were reviewed. Women bear the main brunt of the infection due to their reduced immunity and a greater possibility of persistence. From 1140 articles in English published since 1983, 33 articles relevant to the non-sexual modes of transmission of genital HPV among healthy women and children were retrieved for the final evaluation. This includes review articles, cohort studies, cross-sectional studies and case reports and all these studies confirmed HPV infection by molecular testing.
Results
Even though HPV is one of the most common sexually transmitted infections all over the world, vertical and horizontal routes also account for a significant proportion of infections. 8, 9 Earlier studies have established the vertical mode of transmission. 8, [10] [11] [12] Fewer studies, however, have been carried out among sexually unexposed adults, and further follow-up studies are required to understand the natural history of HPV infection when detected in infants and children.
Literature search
The study selection process is shown in Figure 1 . For detailed evaluation, full-text articles of 46 studies were retrieved. Four studies in which polymerase chain reaction (PCR) was not used to diagnose HPV infection, two studies with no data on mothers and children, two studies in which mothers were not studied, and one study in which the children were not studied, were excluded. One study in which subjects were included after delivery was also excluded. Studies carried out in children with lichen planus of vulva and mothers with cervical cancer were not included in the final analysis. Another study from South Korea was excluded because the same cohort was studied and followed up earlier by Park et al. 13 As shown in Table 1 , 12 studies were reviewed in detail.
Vertical transmission
Vertical transmission of HPV infection can occur from father or mother to the offspring. From the mother, the virus can be transmitted to the embryo, fetus or baby during pregnancy or childbirth. The infection can also occur at the time of fertilization via infected oocyte or spermatozoon. 22 At present, there are no studies on HPV detection in oocytes, even though the virus has been detected in the seminal plasma and spermatozoa.
The main mode of transmission from the mother to child occurs during pregnancy and at the time of delivery. There is a complete absence of information regarding the exact incubation period of HPV and the persistence of infection among congenitally infected neonates.
Intrauterine transmission
There is no viremic phase of HPV, and hematogenous spread from mother to fetus is unlikely. A fetus can become infected through the micro-tears in fetal membranes or through the placenta if the mother has genital HPV infection. 23 The detection rates of HPV-DNA in Figure 1 Study selection process. PCR, polymerase chain reaction. 24 A Finnish family study noted a threefold higher HPV prevalence in the placental samples of smokers compared with non-smokers. 25 
Perinatal transmission
Most of the infections in newborns occur at the time of delivery. The concordance of type-specific HPV between mothers and newborns is suggestive of perinatal transmission. Perinatal transmission usually occurs from direct contact with the infected maternal genital tract or by ascending infection especially after premature rupture of membranes. In most of the studies, mothers were tested for genital HPV infection in the third trimester. In one recent study, healthy mothers were followed up in all three trimesters and then after delivery. In that study, the prevalence of HPV infection was lower in the last trimester than in the first two trimesters. 21 Genital HPV infection can lead to placental and cord blood positivity. There is a higher possibility of cord blood HPV detection when a mother has a history of genital warts. Women with genital warts often progress to persistent HPV infection, and there is a higher chance of intrauterine transmission to the fetus. 25 Another study found a lower chance of perinatal transmission (approx. 2.8%) in the context of pregnant women with clinical and laboratory evidence of HPV infection. 26 The concordance of HPV infection between the mother and infant is 39%, with a range of 0.2-73%. 12, 27, 28 In a study by Park et al., complete resolution of the infection in newborn babies occurred by 6 months of age. 13 The immunization of women prior to pregnancy is not recommended because the possibility of infection is lower, as per the epidemiological data. 12 The risk of infection in vaginal delivery is low, and cesarean section is not recommended if the pregnant woman is found to have genital HPV infection. 8, 16 As per the systematic meta-analysis by Medeiros et al., the pooled relative risk (RR) of vertical transmission is 4.8. 29 The possibility of the newborn testing positive for HPV is higher if the cord blood or placenta is positive for HPV-DNA. 25 There are controversial results regarding the persistence of HPV infection in babies infected at birth. The persistence of infection acquired during birth is very rare among infants, and alternate modes of transmission by close contact or through fomites should be considered in children with HPV infection. 18, 29 According to one prospective study by Rombaldi et al., infants with positive HPV-DNA in buccal samples tested negative by 6 months of life. 18 Another study reported vertically acquired HPV infections persisting for 2 years. 28 The Finnish HPV family study followed up 76 families over 2 years, and an oral HPV infection rate of 7% was found at 1-year follow-up. 22 The high-risk HPV (HR-HPV), mainly HPV-16, has been detected in the oral swabs from newborns, infants, and children. 7 Bandyopadhyay et al. reported a clearance of infection by 1 year of age, among 10 infected infants followed up since birth. 16 As per the review article by LaCour and Trimble, newborns and infants can become infected with HR-HPV by both sexual and non-sexual routes. 30 
Transmission through breast milk
Even though there are reports of isolation of HPV-DNA including high-risk types from breast milk and colostrum, there was no concordance between the HPV-DNA isolated from breast milk and that detected in the cervical or oral samples of the mothers. 31 A recent study on 21 HPV-positive and 11 HPV-negative mothers by Mammas et al. failed to demonstrate high-risk HPV-DNA in breast milk. The restriction of breast-feeding is not advised if the mother is found to be infected with HPV. 32 
Horizontal modes of transmission
Human papilloma virus can be transmitted horizontally among sexually unexposed adults and children by autoinoculation, heteroinoculation or via fomites. 14, 20, 22, 33 HPV infection in the mothers at post-partum clinics can lead to infection in babies by close contact. 19 
Auto-or heteroinoculation
Human papilloma virus may be transmitted among the family members by kissing and digital contact. Adults with genital warts may transmit the genital HPV types to their sexual partners by finger-genital contact. 15 Non-penetrative sex or inoculation via fingers can infect the partner. 34 Children acquire the infection from close family members and caregivers with hand warts during cleaning of the anogenital area and diaper changing. 35, 11 Autoinoculation can also occur by scratching the genital area. Oral HPV infection plays an important role in the viral transmission between family members. The virus persists longer in the oral cavity than in the genital area in children, and the most prevalent types of oral infections are low-risk types, HPV-6 and -11. 22 Even high-risk HPV-16 and -18 can be transmitted by autoinoculation. 8 
Transmission through fomites
According to the 1989 study by Ferenczy et al., HPV-DNA positivity in the hospital, surgical instruments and gloves is low after sterilization. 36 Washing and soaking in 2% glutaraldehyde or heating to 100°C is sufficient for disinfection. The detection of HPV-DNA in asymptomatic individuals using sensitive assays alone does not mean infection, because the virus is ubiquitous.
The HPV-DNA can be transmitted to the genital area via fomites. It is not possible, however, for children to become infected with HPV via swimming pools and the sharing of Western-style toilets at school or at home. A study conducted in Finland by Puranen et al. failed to detect HPV-DNA in the floors and seats of bathing resorts. 37 According to another study by de Martino et al., HPV can be transmitted through infected towels or other objects. 38 The role of fomites in the development of active infection is not well established. 39 In gynecology clinics, transvaginal ultrasound probes and colposcopes can transmit the infection and most of the disinfectants are not sufficient to neutralize HPV. 40 A recent study found that nosocomial infection may be possible in invasive procedures such as transvaginal ultrasonogram; and probes tested positive for HPV-DNA and free virions even after treating with exonucleases. 33, 41 Ultrasound probes have also been found to be positive for HPV-DNA after the use of low-level disinfectants such as quaternary ammonium compounds. 42 HPV comes under the category of one of the most difficult agents to disinfect. Taking into consideration the established carcinogenic risk associated with this virus, health-care workers should review hospital disinfection practices.
According to the Centers for Disease Control and Prevention recommendation, endovaginal ultrasound probes are classified as semi-critical devices. 43 For proper disinfection, high-level disinfectants such as hydrogen peroxide, glutaraldehyde, peracetic acid or non-chemical alternatives such as ultraviolet C-band should be used to eliminate non-enveloped viruses. Sonicated hydrogen peroxide was found to be highly effective against HPV-16 and HPV-18 in a recent study on the efficacy of high-level disinfectants. 44 
Discussion
Papilloma infection is commonly acquired through skin abrasions (skin warts), by sexual intercourse (genital warts), during passage through an infected birth canal (juvenile-onset laryngeal papilloma), autoinoculation or by oral sex. Oral papilloma can develop as a result of oral sex or autoinoculation. Oral HPV infection can, rarely, be a potential health hazard to newborn babies in the form of juvenile recurrent respiratory papillomatosis. At any age, transmission may occur via fomites and medical procedures, but transmission to the external genitalia through fomites is rare. The visible presence of genital warts can increase the chances of infection because 65% of people coming into contact with warts will develop the infection. 45 The acquisition of infection can happen by prolonged exposure to contaminated clothing because the virus may be carried on fomites. Most of the studies have been carried out in children using anogenital samples or urine samples. All the articles we reviewed point towards the fact that the prevalence of sexual abuse is very low among children with genital warts. One important aspect that needs to be investigated is the persistence of genital HPV infection in babies and children. Long-term prospective studies are nearly impossible in developing countries due to limited resources and the huge population.
Horizontal transmission via close contact plays a major role in HPV acquisition in children. HPV infection in sexually unexposed adults and children from developing countries goes unreported and undiagnosed given that most of the infections are diagnosed clinically. Often clinicians find it difficult to collect genital samples from sexually naïve individuals, and another impediment is the lack of facilities for molecular testing, which is expensive and technically demanding. Follow-up studies are essential among the sexually unexposed population to understand the possibility of persistence and further progression into invasive lesions.
Urine sampling can be reliably used for the screening of genital HPV infection in both sexes. 46, 47 The detection of HPV-DNA in urine samples is an alternate costeffective option for large population-based studies. 48 Nevertheless, the presence of virus in urine may indicate concurrent infections at different susceptible sites such as vagina and vulva, especially among sexually exposed adults. HPV is highly tropic to the squamocolumnar junction of the cervix, with no predilection to the urinary tract. The presence of HPV-DNA in urine indicates exfoliation from the cervix, vagina, vulva or anus and urine contamination with exfoliated cervical cells increases with the severity of cervical lesions.
49,50

Public health implications
With intact host immunity, almost all the HPV infections acquired in infancy and childhood clear. When children Non-sexual modes of HPV transmission present with genital warts, a thorough clinical examination should be carried out for similar-looking lesions in the guardians and caregivers. Long-term prospective studies are needed due to the scarcity of data on the time taken for the natural clearance of infection in the sexually naïve population.
Advocating vaccination before sexual exposure in girls to protect them from an oncogenic sexually transmitted virus may not be a practical solution in lowincome countries, and uncertainty prevails regarding the social acceptance. Prior to implementing health-care policies or immunization programs in any population, cultural and religious barriers have to be overcome. A recent study conducted in Mysore, India noted that Indian parents prefer vaccinating their daughters against HPV at a later age because there is a delay in the onset of sexual activity among young women compared with their counterparts from developed countries. 51 Healthcare professionals have to consider the fact that even in the era of economic and sexual liberalization, most of the individuals from developing countries follow traditional values and customs. Creating awareness in the community of various alternate modes of transmission, however, can enable the parents and guardians to make an informed choice regarding immunization of their children.
Clinical and research implications
The last 10 years have witnessed articles being published on non-sexual modes of transmission among children and sexually naïve adolescents. Non-invasive and culturally feasible, urine sampling will facilitate follow-up studies in resource-poor settings. There are reports of latent HPV infection becoming apparent when the immunity of the individual reduces. Prospective studies need to be initiated among children and sexually unexposed adults with HPV infection, and the cohort should be followed up in the long term.
